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Executive summary

In 2019, research efforts of the Stichting Den Food Bosch have been
focused on monitoring soil quality and the food forest’s capacity to
protect water ways from eutrophication. A soil assessment of the food
forest and its neighboring conventionally managed pasture was
performed in a collaboration between HAS and WUR. Comparing the
neighboring field and analyzing how the food forest soil is developing

over time yielded interesting insights.

¢ Highly leachable nitrates showed considerably higher levels in the
conventional pasture, however, ammonium levels were
higher in the food forest.

e Less leachable P and K levels in the topsoil of the food forest
indicated good conditions for plant growth.

e Compaction levels were higher in the pasture and mixed in the food
forest, with patches of very loose soil and others indicating

compaction.

* Soil organic matter content has increased by 1% over the course
of two years in the food forest.

It can be concluded from this comparison that the food forest poses less
of a risk of water way contamination with nitrates than the neighboring
conventionally managed permanent grassland. Soil organic matter
content has increased substantially since the implementation of the food
forest project which further improves its soil’s capacity to regulate and
purify water.

Soil monitoring will continue over the long-term as the Stichting Den
Food Bosch has joined a national food forest monitoring program
initiated by WUR and part of the Green Deal Voedselbossen.



Introduction T Eosc

This year, Stichting Den Food Bosch’s research efforts have been
dedicated to what constitutes the basis of any productive and sustainable
agricultural system — the soil.

Soils are much more than just the growth medium for plants, they store
carbon and nutrients, provide habitat for a tremendous amount of soil
organisms and, crucially, store and purify water. From a scientific
perspective, the soil is still a black box in many ways as its immense
biodiversity and functions are still being unravelled by scientists around
the world. What is clear, however, is that soils can serve as sensitive
indicators of the impacts that the production of our food has on the
environment.

The impact of agriculture on the environment can be severe. However,
faced with global challenges such as climate change, biodiversity loss and
water scarcity there is also increasing evidence that agricultural soils can
serve as important buffers. Managed in the right way they can act as a
carbon sinks, recycle nutrients needed for healthy diets and provide a
home to threatened species. The ambition to create this positive impact
gave rise to the project Den Food Bosch and measuring this impact forms
an important pillar of the foundation associated to the project.

Since the beginning, universities such as HAS and WUR have collaborated
in these measurements. In 2018, a number of HAS student projects have
assessed insect and tree biodiversity, soil quality and economic potential.
These projects produced important benchmarks and are being used to
track the environmental and economic performance of the Den Food
Bosch project. It is the foundation’s clear ambition to follow up

on these measurements in a consistent and scientifically sound way.
However, the limited financial resources available to the foundation do

not allow for the monitoring of the full breadth of indicators every year.



Research objectives

This year, we set out to focus on soil indicators that can inform the
capacity of the food forest to minimize nutrient leaching into waterways
and at the same time supply adequate nutrition to the crops. This is a
dilemma that Dutch farmers and policy makers are increasingly worried
about and of course of inherent importance to the Waterschap Den
Dommel. Public debate has picked up the problem of Nitrogen in the
environment and the discussion has become increasingly fierce, including
large protests by the farmer community. Therefore, any alternative
farming system has to respond to this challenge of ensuring solid food
production while minimizing contamination of the  surrounding
environment with excess nutrients. Thus, our research aimed at testing

whether the food forest responds to this challenge.

Research methods

The research project was developed in a collaboration between
Wageningen University and HAS which involved DFB board member Jonas
Steinfeld (WUR), Omnia Nkouka and Sonja Sekharan (both HAS). Omnia
Nkouka wrote her research thesis about this topic as part of her graduate

program International Food and Agribusiness.

Fig. 1 Fields where data was collected. Image: Omnia Nkouka.

The food forest and its neighbouring plots were chosen as a case study
and data was collected in November and December 2019. Soil samples
were collected in the food forest (DFB), neighbouring conventional crop

field (Conventional 1), neighbouring conventional pasture (Conventional



3) and the ditch (Path) used for machine trafficking adjacent to the food
forest. The pasture (conventional 3) has been a permanent grassland for
the last 10 years, the food forest field was used for maize silage
production until 2017.

Fig. 2 Sampling points.
With an aim of assessing soil properties that can impact water quality in

the surrounding ditches, a sampling strategy was defined to capture the
locations close to the waterways and thus more susceptible to
contamination with excess nutrients. Sampling points were
georeferenced and can be observed in Fig. 2. To compare the different
fields and their fertility and leaching potential the following field classes
were measured: food forest tree row (DFB tree), food forest grass strips
(DFB  grass), food forest living fence (DFB hedge), ditch (path),
conventional pasture (conventional 3) and conventional crop field
(conventional 1). Composite samples were taken from top and subsoil.

Nutrient levels in the soil were assessed by analyzing available
ammonium, nitrate, phosphate and potassium, pH and soil organic
matter at the Soil Biology laboratory of Wageningen University. Soil
compaction was measured with volumetric rings for the topsoil (0-5 cm)
and a penetrometer up to 0-40 cm depth.



Results and discussion

The analysis of soil samples revealed insights into the development of the
food forest and how it compares to the neighboring conventionally
managed fields.

Water quality in the Netherlands is most impacted by highly mobile
compounds such as nitrate. In soils, nitrates (NO3) are the result of
transformation of ammonium (NH4) by nitrifying bacteria. Hence, we
measured both ammonium and nitrate and could observe interesting
differences between the conventionally managed pasture and the food
forest. Whereas ammonium levels were on average higher in the food
forest, nitrate levels were considerably higher in the pasture. It is

important to remember that these are individual observations, however,
this evidence suggests that the transformation of Nitrogen into more
leachable forms is happening at a slower rate in the food forest. That
means less risk of water contamination from the food forest soil since

plants have more time to take up Nitrogen and fix it in their biomass.
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Fig. 3: Nutrient availability within the various fields.



Phosphorus (P) and Potassium (K) pose less of a risk to water quality as
these compounds are not very mobile in the soil. P levels in the food
forest have been high even before the food forest was planted probably
due to frequent fertilization by the previous land manager. After two
years of food forest management P levels remain high and thus conducive
to plant growth. K levels have been low in an initial soil test in 2017 but
have improved now and are adequate for fruit and vegetable production.
This improvement is notable as the sampled points did not receive any
inorganic fertilizers during this time. In the

conventionally managed pasture both P and K are in rather short supply
posing low risk to water contamination but might result in lower
productivity.

Soil Organic Matter (SOM) performs numerous functions in the soil, also
related to water quality. It increases water holding capacity, improves soil
structure and thus slows down the movement of water through the soil
and stimulates the growth of soil organisms that can bind toxic
compounds. Therefore, it is a vital indicator for the soil’s functioning
related to water regulation and purification. SOM levels are rather similar
in the soil of the food forest and neighboring fields and range between
4.9% (conventional 3) and 5.15% (food forest tree row) in the topsoil. It
is not known what the SOM content in the conventional field was before,
but the soil analysis of the food forest from exactly two years earlier (Dec
2017) showed 2.8% SOM. When comparing that to the current average
(0-20 cm) SOM content of 3.88% that is a remarkable improvement. Thus,
it can be assumed that water holding capacity of the food forest soil has

improved significantly over the last two years.
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Fig. 4: Drone image from July 2019. It is expected that higher SOM levels can mitigate
summer droughts.

Soil compaction is another relevant soil indicator as it influences the soil’s

capacity to infiltrate and percolate water. The use of heavy machinery
often leads to compaction and increased surface runoff. Compaction
levels were measured in two ways (volumetric rings and penetrometer)
and showed mixed results. The three measured points in the pasture
ranged between 1.11 to 1.28 gr./m3 whereas the food forest showed high
variability with 0.49 (tree row) to 1.26 (grass strip) gr./m3. These
measurements will need to be conducted continuously to reveal possible
trends, but it can be stated that parts of the food forest topsoil are very
loose whereas other parts still exhibit elevated compaction levels.
However, surface runoff in either field is unlikely due to the permanent
vegetation.

Finally, some of these positive developments of soil quality in the food
forest can be associated to the large amount of wood chips that have
been added at its implementation. Since no inorganic fertilizer has been
applied ever since, the increase in fertility is likely due to this input and
biological N fixation.



Outlook on research in 2020

Already in the year of 2019, the Stichting Den Food Bosch has officially
joined the National Food Forest Monitoring Programme (NFFMP)
associated to the Green Deal Voedselbossen. The first data collection as
part of this program has taken place in the food forest in December 2019
and has been executed by Bastiaan Rooduijen. This monitoring program
collects data on a wide range of indicators related to biodiversity, C

sequestration, water infiltration.

This program will not only enable us to track the development of our own
food forest over time but also to compare with other food forests across
the Netherlands. Since each of them has its

own design and is being managed in different ways it will be insightful to
compare how soil indicators compare amongst this variety of food
forests.

Furthermore, MSc research projects on biodiversity and economic
performance of the food forest will be advertised at Wageningen
University. Especially the development of communities of edaphic fauna,
such as ground dwelling arthropods, and pollinators will be interesting
topics. Measurements focused on the food forest’s capacity to store and
purify water will be continued and if research budget allows intensified.
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